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© Illumination system and method for generating an image of an object 


© An illumination system having a lighting dome, a 
vertical light source, an image acquisition means, 
and a light controlling means, a system controller 
and a three-axis servo system wherein the dome is 
of unitary printed circuit board construction popu- 
lated with a plurality of surface mounted light emit- 
ting diodes is disclosed. The dome has a first lon- 
gitudinal axis and is bendable along hinges formed 
through the circuit board to define a partially en- 
closed dome having eight octants or sections, each 
section having an upper and lower tier portion defin- 
ing a plurality of planar illumination banks, which 
C\| illuminate an object from 360* around the object 
^ and from predetermined angles relative to the first 
m longitudinal axis. The vertical light source, which is a 
O planar printed circuit board populated with surface 
CO mounted LEDs, and the beam splitter are provided 
^ for illumination of the object with light parallel to the 
3 first longitudinal axis. The planar geometry of the 
CO illumination banks and the vertical lighting source 
0 cause the LEDs to emit light rays that are substan- 
tially parallel. The light controlling means controls 
the intensity of each section and tier portion through 
pulse width modulation of the respective plurality of 
light emitting diodes. The acquisition means is pro- 


vided for acquiring reflected light rays to generate an 
image of the illuminated object. The increased den- 
sity of the surface mounted diodes increase the light 
intensity produced over known illumination systems 
employing conventional LED mounting techniques. 
Moreover, the light controlling means can be pro- 
grammed via the system controller to light any of the 
panels at a selected intensity. The system controller 
control the servo system to move the acquisition 
means in any of three axis so that the acquisition 
means can capture an image of a preselected area 
of the object. The system controller processes the 
captured image to detect a feature of the object. 
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TECHNICAL FIELD 

This invention relates generally to an illumina- 
tion system and method for generating an image of 
an object for use by inspection systems and the 
like. 

BACKGROUND OF THE INVENTION 

Prior art illumination systems range widely in 
their basic design depending on such factors as 
the desired use of the generated image, the gen- 
eral size and reflectivity of the object to be illumi- 
nated, and the specific features of the object 
sought to be captured. Such features include mea- 
surement of relative position, detection of specific 
shapes for analysis, and the detection of flaws or 
other imperfections. In order to capture and ana- 
lyze such features, images of the object, or sur- 
faces thereof, as well as images of the shadows 
cast by the objects are advantageously used by 
state of the art inspection systems. In prior art 
illumination systems employing annular light sour- 
ces, which tend to provide a cone of light, the light 
is scattered and tends to illuminate surfaces which 
are not of interest for the inspection process. Other 
prior art illumination systems employing light sour- 
ces whose rays converge upon the object being 
imaged also diminish the information obtainable by 
an attached inspection system because such con- 
verging light rays tend to distort or eliminate useful 
shadow images. 

Moreover, known illumination systems typically 
employ machined blocks or other significantly 
complex and expensive to produce means for 
mounting conventional light sources (e.g., conven- 
tional mounted light emitting diodes). The cost in- 
volved in machining the mounting means, inserting 
the conventional light sources, the accompanying 
wiring and circuit lay-out and overall assembly time 
adds to the complexity and cost of such known 
illumination systems. A problem related to the 
above-mentioned conventional manufacturing prob- 
lems is the insufficient light intensity produced by 
known illumination systems. Specifically, conven- 
tional light emitting diodes have a predetermined 
minimum mounting separation distance as em- 
ployed in the prior art systems thus limiting diode 
placement density. It has been found that the rela- 
tively low diode density generates insufficient light 
intensity to provide adequate illumination for certain 
imaging and inspection applications. 

Another problem in the prior art is the lack of 
flexibility in changing lighting patterns for different 
imaging applications. 

Thus, there is a need for an improved illumina- 
tion system for generating an image of an object 
that overcomes or minimizes the above-mentioned 
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problems. 

SUMMARY OF THE INVENTION 

5 Use of an illumination source having means for 

emitting parallel light rays minimizes distortion of 
shadows cast by .an object being illuminated by an 
illumination system having such a light source. 
Accordingly, in one aspect of this invention, an 

70 illumination system comprising a lighting dome, a 
vertical light source, a beam splitter, a controlling 

" means, and an acquisition means is disclosed. The 
lighting dome is provided with a plurality of planar 
illumination banks, each one of the banks having a 

75 plurality of light emitting diodes mounted thereon, 
the plurality of diodes being disposed on the re- 
spective illumination banks to emit substantially 
parallel light rays at predetermined angles to an 
axis coincident with the acquisition means line of 

20 sight to illuminate the surface of the object. Further, 
in order to illuminate the surface of the object with 
light rays parallel to the above-mentioned axis, the 
vertical light source is provided with another plural- 
ity of light emitting diodes mounted thereon to emit 

25 substantially parallel light rays, and the beam split- 
ter is positioned intermediate the vertical light 
source and the lighting dome for directing light 
rays from the vertical light source to the surface of 
the object in a path substantially parallel to the 

30 above-mentioned axis. 

It has been found that surface mount device 
manufacturing techniques can significantly increase 
the density of the devices mounted thereby. Ac- 
cordingly, in another aspect of this invention, the 

35 plurality of light emitting diodes mounted to each 
one of the plurality of planar illumination banks are 
of the surface mount device type, and are surface 
mounted to the illumination bank. Use of this sur- 
face mount device technology provides a large 

40 increase in the light emitting diode density, thus 
providing a commensurate increase in the maxi- 
mum light intensity provided by the lighting dome. 

In another aspect of the present invention, the 
lighting dome is of unitary printed circuit board 

45 construction. The ability to fabricate the lighting 
dome by surface mounting the LEDs to the printed 
circuit board, and bending the circuit board into its 
predesigned shape reduces the costs and com- 
plexity relative to known illumination systems. 

so In another aspect of this invention, a system 

controller is provided to coordinate movement of 
the object relative to the acquisition means with 
preselected lighting configurations. 

Other objects, features and advantages will be- 

55 come clear or will be made apparent during the 
course of the following description of a preferred 
embodiment of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a functional block diagram of an 
illumination system of the present invention in- 
corporating an illumination apparatus; 
Figure 2 is a view, not to scale, of a subassem- 
bly of the inventive illumination system showing 
a camera housing fixedly mounted to the illu- 
mination apparatus shown in Figure 1; 
Figure 3 is a front elevational view of the illu- 
minating apparatus shown in Figure 1 ; 
Figure 4 is a top plan view of the illuminating 
apparatus shown in Figure 1 ; 
Figure 5 is a bottom plan view of the illuminating 
apparatus shown in Figure 1, showing an exem- 
plary illumination bank; 

Figure 6 is a functional block diagram of the 
light controlling means portion of the illumination 
system shown in Figure 1 ; 
Figure 7 is a view of the lighting dome depicted 
in Figure 1 showing a preferred range of illu- 
mination angles; 

Figure 8 is a view of a preferred embodiment of 
the present invention incorporating a preferred 
image acquisition means and a preferred mount- 
ing assembly; 

Figure 9 is a functional block diagram of the 
system controller of Figure 1 depicting several 
functional subsystems; 

Figure 10 is a flow diagram of a lighting routine 
used by the lighting subsystem of Figure 9; 
Figure 1 1 is a view of an input lighting configu- 
ration window which appears on the screen of 
the monitor shown in Figure 1; and 
Figure 12 is a flow diagram of a method of 
inspecting an object according to the present 
invention. 

DETAILED DESCRIPTION 

Referring now to the drawings wherein like 
reference numerals reference identical components 
in the various views. Figure 1 is a functional block 
diagram of an illumination system 10 according to 
the present invention. The illumination system 10 is 
comprised of an oblique illumination means, prefer- 
ably taking the form of an oblique lighting dome 
12, a vertical light source 14. a light controlling 
means 16. a beam splitter 18, an image acquisition 
means 20 for capturing the reflected image of an 
object under illumination, a means or device for 
communicating with light controlling means 16, 
preferably a system controller 22, a means for 
effecting relative movement between an object and 
acquisition means 20. preferably an x-y-z axis ser- 
vo controller 23, a first object 24 and a monitor 25. 

As shown in Figure 2, mounting assembly 26 
comprises lighting dome 12 and serves to fixedly 
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mount image acquisition means 20 to lighting 
dome 12 so that acquisition means 20 stays 
aligned with lighting dome 12 when mounting as- 
sembly 26 is moved relative to first object 24 while 
5 under inspection. 

The lighting dome 12 is provided in illumination 
system 10 for illuminating first object 24 such that 
acquisition means 20 may capture a reflected im- 
age. It should be understood that the term dome is 
10 exemplary only, and that other shapes for emitting 
substantially parallel light rays comes within the 
spirit and scope of this invention. Referring now to 
Figures 3, 4 and 5, dome 12 is generally elongated 
and includes a first longitudinal axis 28. The dome 
75 12 is of unitary printed circuit board (PCB) con- 
struction, shown in an unfolded state in Figure 5, 
and in a folded, assembled state in Figures 3 and 
4. The dome 12 includes a thin planar top portion 
30, preferably taking the form of an octagon and 
20 including an opening 32 formed therethrough to 
allow light rays reflected from first object 24 to 
reach beam splitter 18. In an assembled state, top 
portion 30 is generally perpendicular to first lon- 
gitudinal axis 28, and the central axis of opening 32 
25 is generally coincident with first longitudinal axis 
28. As best shown in Figure 5, the unitary dome 12 
has preferably eight elongated sections or octants 
34, 36, 38, 40, 42, 44, 46 and 48, that are circum- 
fer'entially spaced about top portion 30 and con- 
30 nected thereto by a plurality of first hinges 50, 52, 
54, 56, 58, 60. 62 and 64, best shown in Figure 4. 
As shown in Figure 3, each section or octant is 
generally longitudinally extending relative to first 
longitudinal axis 28. The plurality of first hinges 50, 
35 52, 54, 56, 58. 60, 62 and 64, are so-called living 
hinges defined by bend lines formed through the 
PCB of dome 12. 

As shown in Figure 5, each of the sections 34, 
36, 38, 40, 42, 44, 46 and 48 includes a respective 
40 top or upper tier portion 66. 68, 70, 72. 74, 76, 78 
and 80 and bottom or lower tier portion 82, 84, 86. 
88, 90, 92, 94 and 96, separated by a respective 
one of a plurality of second hinges 98, 100. 102, 
104. 106, 108, 110 and 112 (Figure 4), the upper 
45 tier portions collectively defining an upper tier of 
dome 12, while the lower tier portions collectively 
defining a lower tier of dome 12. As shown in 
Figure 3, the completed dome 12 is formed from 
the printed circuit board by folding each upper tier 
50 portion about its respective first hinge and folding 
each lower tier portion about its respective second 
hinge until a partially enclosed dome is formed. 

Referring now to Figure 5. each upper and 
lower tier portion of dome 12 includes a first plural- 
55 ity of surface mounted light emitting diodes (LEDs) 
114 illustrated only in section 42 for purposes of 
convenience. LEDs are very efficient and require 
very low power as compared to tungsten an^l other 
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illuminating sources. Each first plurality of LEDs 
114 is wired separately to define an illumination 
bank. The LEDs used to populate the illumination 
banks are of the surface mount device (SMD) type 
and are preferably surface mounted to dome 12 to 
emit a narrow band wavelength of light, preferably 
having a nominal center wavelength of 660 nano- 
meters. Each first plurality of LEDs 114 is wired forn 
individual activation by application of signal St by 
light controlling means 16 through connection 
means 115. The dome 12 includes a plurality of 
mounting bores 116. - — 

Referring now to Figures 1. 3 and 4, the sev- 
eral planar illumination banks of dome 12 are ar- 
ranged at various angles 360* around first object 
24 and at various angles with respect to first 
longitudinal axis 28. As shown in Figure 7. illumina- 
tion banks mounted on an upper tier portion emit 
light rays oblique to the object being imaged, 
shown as oblique rays 118, forming an acute angle 
119 with first longitudinal axis 28. Similarly, illu- 
mination banks mounted on a lower tier portion 
selectively emit light rays that are perpendicular to 
first longitudinal axis 28, shown as perpendicular 
rays 120, forming right angle 121 with first axis 28. 
The full import of this oblique illumination will be 
discussed below. 

The vertical light source 14 is provided in illu- 
mination system 10 for illuminating first object 24 
with light rays parallel to first longitudinal axis 28, 
which is particularly useful for enhancing the return 
of light from surfaces of first object 24 that are 
normal to first longitudinal axis 28. As shown in 
Figure 1. light source 14 includes printed circuit 
board 122 populated with a second plurality of 
surface mounted LEDs (not shown) similar to the 
first plurality of LEDs 114. Light source 14 emits 
light rays that are substantially parallel to first lon- 
gitudinal axis 28, shown as parallel rays 124 (Fig- 
ure 7). As shown in Figure 1, light emitted from 
light source 14 passes through beam splitter 18. In 
addition to this light transmission feature, beam 
splitter 18 performs a second function in system 10 
to be described below. The second plurality of 
LEDs surface mounted to printed circuit board 122 
is responsive to actuation signal Sy applied by light 
controlling means 16 through connection means 

126. N 

Referring now to Figure 6, light controlling 
means 16 includes processor means 128, memory / 
means 130 coupled with processor means 128 by / 
coupling means 132, and input/output or interface / 
means 134 coupled with processor means 128 by 
coupling means 136. The processor means 128 
preferably includes a Motorola M68HC11 proces- 
sor, and is responsible for selectively causing any 
one of the illumination banks of dome 12, and/or 
light source 14, to emit light by applying a respec-^ 


30 


tive actuation signal S, thereto. The memory 
means 130 preferably takes the form of an elec- 
itrically-erasable programmable read-only memory 
YEEPROM). and is used to store a variety of pre- 
determined operating and configuration information, 
nterface means 134 is provided for enabling, exter- 
nal control by a user of dome 12 through system 
controller 22, and preferably includes conventional 
serial communications port, such as an RS-232 
serial port. Moreover, interface means 134 prefer- 
ably includes a digital port to enable hardware 
/reset and for strobing preselected illumination 
banks of dome 12 when system 10 is in a strobe 
mode, a mode to be discussed in further detail 
below. When in a continuous mode, also to be 
"discussed below, the assertion of the strobe line of 
the digital port is not effective to strobe the above- 
mentioned banks. As shown in Figure 1, light con- 
trolling means 16 is connected with system control- 
ler 22 by connection means 140. 

Referring now to Figure 1, image acquisition 
means 20 is in optical communication with the 
surface of first object 24, its line of sight being 
effectively coincident with first axis 28, and is pro- 
vided in system 10 for capturing light rays reflected 
from first object 24 in response to first object 24 
being illuminated in order to produce an image of 
the object for use by an inspection system or the 
like. It should be understood by one of ordinary 
skill in the art that there exists a plurality of optical 
configurations to effect the above-mentioned func- 
tions of acquisition means 20. In one embodiment, 
however, acquisition means 20 includes a second 
longitudinal axis 142 that is substantially parallel to 
first longitudinal axis 28, but is offset therefrom, a 
first surface mirror 143, a lens 144, and a camera 
146. Also included in acquisition means 20 is beam 
splitter 18. In addition to its light transmission func- 
tion, beam splitter 18 transfers the image of first 
object 24 to mirror 143. The mirror 143 is used to 
transfer the image of the object reflected from 
beam splitter 18 to lens 144. The lens 144 mag- 
nifies and focuses the image transferred by mirror 
143 by respective predetermined amounts. The 
camera 146 is used to capture the focused image 
directed from lens 144. The beam splitter 18, mir- 
ror 143, lens 144, and camera 146 are all conven- 
tional in the art. Preferably, camera 146 is a 
/ charge-coupled device (CCD) camera wherein each 
so / of the CCDs within camera 146 serves to capture 
I the image of a small picture element so that an 
I array of CCDs collectively captures the image of an 
I area of first object 24 lying within its field of view. 

Further, camera 146 preferably has a bandwidth, 
J — approximately 600 to 700 nanometers, within which 
its sensitivity is greatest. Thus, system 10 op- 
timizes illumination and image acquisition by se- 
lecting LEDs whose nominal wavelength (660 Jim) 
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falls within the above-mentioned bandwidth, thus 
increasing acquisition means gain. 

Referring now to Figure 2. mounting assembly \ 
26 includes optics housing 148, extension housing \ 
150, and camera housing 152. As previously men- \ 
tioned, the purpose of mounting assembly 26 is to I 
maintain a fixed relationship between lighting dome 
12 and acquisition means 20, including camera 

146, which is mounted within camera housing 152. | 

The advantages of maintaining the alignment be- 
tween camera 146 and lighting dome 12 are ob- 
vious when system 10 is used in an environment 
where the object under inspection is stationary and 
the inspection system must move. 

A preferred embodiment of the image acquisi- 
tion means 20 and the mounting assembly 26 is 
shown in Figure 8 as image acquisition means 20' 
and mounting assembly 26\ The advantage of the 
preferred embodiment is that the mechanical dis- 
tance between the camera and the lighting dome 
12 is reduced, although the optical or focal dis- 
tance is not. This folding of light is accomplished 
through the use of five mirrors 143, and lens 144. 
As shown in Figure 8, reflected light emerging from 
dome 12 is reflected from beam splitter 18 to one 
of the mirrors 143. The reflected light rays then 
travel through lens 144 and then through four mir- 
rors 143 and then to camera 146, as shown by the 
solid line indicating the image path. The mounting 
assembly 26' includes an optics housing 148' and 
a camera housing 152'. In this preferred embodi- 
ment, extension housing 150, shown in Figure 2, 
has been eliminated due to the folding of the light 
rays reflected from the object under illumination. 

Referring now to Figure 9, the purpose of sys- 
tem controller 22 is to coordinate the various sub- 
systems of illumination system 10 for a particular 
application. System controller 22 includes a main 
control subsystem 154, a lighting subsystem 156 
coupled with main control 154, a positioning sub- 
system 158 coupled with main control 154, an 
inspection subsystem 160 coupled with main con- 
trol 154 and a communication subsystem 162 also 
coupled with main control 154. The system control- 
ler 22 can take many forms, but is preferably 
shown as a commercially available unit, particularly 
Model 3500 EX available from Applied Intelligent 
Systems Incorporated, based in Ann Arbor, Michi- 
gan. The function of lighting subsystem 156 is to 
control light controlling means 16 for purposes of 
selectively activating one of the lighting configura- 
tions, to be discussed below, stored in memory 
means 130 for illuminating an object. The function 
of positioning subsystem 158 is to control servo 23 
to effect relative movement between object 24 and 
image acquisition means 20. The inspection su6^ 
system 160 is provided in system controller 22 to 
process a signal generated by CCD camera 146 
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\ wherein the signal is representative of the image 
captured by camera 146. to detect a feature, such 
las a ball bond joint, or ,a wiring lead location, and 
\to decide whether the object or part under inspec- 
tion is bad based upon predetermined criteria. The 
Inspection subsystem 160 may include intelligent 
algorithms that process several images, each of the 
[mages perhaps having a unique lighting configura- 
tion and camera position associated therewith, in 
faking its decision. These algorithms may be of 
[he type that weights each of the images according 
io predetermined values, or may make its decision 
Ion statistical grounds (e.g., the part passes inspec- 
tion when a majority, for example, three out of five, 
of the images pass the predetermined criteria). The 
communication subsystem 162 is provided in sys- 
tem controller 22 to allow effective communication 
between the system controller 22 and light control- 
ling means 16, servo 23, and camera 146. 

The means for effecting relative movement or 
servo controller 23 is provided in system 10 to 
move either first object 24 relative to system 10 or 
move system 10 relative to part 24. As shown in 
Figure 1, servo 23 is therein adapted to move 
object 24. Preferably, however, servo system 23 is 
adapted to move the optical components, the illu- 
mination components, and the image acquisition 
means of system 10 relative to first object 24. 
Preferably, servo system 23 includes a three-axis 
servo controller controlling three servo motors, one 
for the x axis, one for the y axis, and one for the z 
axis. Positioning subsystem 158 of system control- 
ler 22 allows detailed control of servo system 23. 
The nature and magnitude of the movement is 
controlled by six parameters used by positioning 
subsystem 158. A user may specify movement in 
terms of a three parameter x-y-z coordinate. In 
addition a user must indicate whether the specified 
coordinates are relative to the current position, or 
are absolute coordinates. Further, a user may de- 
fine the acceleration and the speed with which the 
movement takes place. Once a user has specified 
these parameters, positioning subsystem 158 pro- 
cesses this information and sends the three-axis 
servo controller a command through a serial port 
through communication subsystem 162. The three- 
axis servo controller accepts the command and 
activates the x, y, and z, servos accordingly. When 
the servo controller has completed its operation, it 
sends a signal back to system controller 22 to 
acknowledge completion of the command. 

The path of the reflected image of an object 
will now be described. Referring now to Figure 1 
and Figure 7, illumination of first object 24 is ac- 
complished by using dome 12 and light source 14. 
The dome 12 illuminates first object 24 from all 
sides (i.e.. 360 • around first object 24 to be viewed 
by acquisition means 20). The light source 14 
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illuminates first object 24 along first axis 28, which 
is also the effective axis of the line of sight of 
camera 146. The light emitted from each one of the 
sections 34, 36, 38, 40, 42. 44, 46 and 48 and its 
respective upper and lower tier illumination banks 
are individually controlled by light controlling 
means 16 by way of actuation signal Si. When 
light controlling means 16 applies signal Si to a 
particular illumination bank comprising one of the 
first plurality of LEDs of lighting dome 12, oblique 
illumination of first object 24 occurs wherein light 
emitted from the preselected illumination banks 
reach the surface of first object 24. The reflected 
light rays travel upwardly along first longitudinal 
axis 28 to reach beam splitter 18. The reflected 
light rays representing an image of first object 24 
are then reflected from beam splitter 18 to first 
surface mirror 143, then to lens 144 and finally 
captured by camera 146 to generate an image of 
first object 24. On-axis illumination is achieved by 
directing light from vertical light source 14 through 
beam splitter 18, through opening 32 and finally to 
first object 24. The light emitted from vertical light 
source 14 occurs in response to light controlling 
means 16 applying signal S,. Light rays represent- 
ing the image of first object 24 then reflect up to 
beam splitter 18, then to first surface mirror 143, 
and finally to lens 144 and camera 146. 

The light controlling means 16 comprises two 
modes of operation: continuous mode and strobe 
mode. In continuous mode, the light intensity emit- 
ted from any plurality of light emitting diodes under 
control of controlling means 16 located in either 
vertical light source 14 or lighting dome 12, can be 
varied from a predetermined minimum intensity to 
a predetermined maximum intensity through the 
pulse width modulation (PWM) of signal Si to the 
desired LEDs. For example, to effect a predeter- 
mined intensity from upper tier portion 66 of light- 
ing dome 12, light controlling means 16 applies a 
continuous pulse width modulated signal Si to up- 
per tier portion 66 for a predetermined interval. 
Since each upper tier, lower tier, section, and verti- 
cal light source 14 are individually controlled, the 
respective plurality of LEDs may also be varied 
with respect to the light intensity level. 

The second mode of operation, strobe mode, is 
provided for minimizing or reducing the defocusing 
effect of motion of an object being illuminated. In 
other words, in the strobe mode, motion is frozen 
by the strobing of preselected illumination banks 
and/or of light source 14 for providing an image of 
greater clarity which may be captured by camera 
146. In strobe mode, light controlling means 16 
causes a preselected illumination bank or vertical 
light source 14 to output a single pulse of light at 
full intensity for a specified duration. Strobe mode 
is accomplished via actuation signal Si through 


connection means 115 and 126. Moreover, memory 
means 130 of light controlling means 16 has the 
capability of storing 128 : individual preselected 
lighting programs or configurations implementing 
5 any combination of the continuous and strobe 
modes, wherein intensity and duration of each of 
the illumination b^nks mounted in lighting dome 12 
and vertical light source 14 are defined. 

More particularly, each program is defined by 
70 six parameters: the mode, either continuous or 
strobe, the vertical light source intensity when in 
continuous mode or a duration for which the verti- 
cal light source is pulsed when in strobe mode, the 
top tier intensity when in continuous mode or the 
75 duration for which the top tier is pulsed when in 
strobe mode, the top tier mask or, in other words, 
those top or upper tier portions that are selected to 
emit light, the bottom or lower tier intensity when in 
continuous mode or the duration for which the 
20 bottom tier is pulsed in strobe mode, and the 
bottom or lower tier mask, or in other words those 
bottom or lower tier portions that are selected to 
emit light. Referring now to Figure 10. the method 
by which lighting subsystem 156 of system control- 
25 ler 22 obtains the above-identified six parameter 
values is depicted. The method begins in a start or 
initial state 164. In step 166, the lighting subsystem 
156 gets the program number, which defines which 
of the 128 lighting programs or configurations will 
30 be programmed with the information to be ob- 
tained. In step 168, the mode is obtained. In step 
170, a test is performed wherein it is determined 
whether strobe mode or continuous mode was ob- 
tained in step 168. If continuous mode was ob- 
35 tained in step 168, then the method proceeds to 
step 172, where the vertical light source intensity is 
inputted. In step 173. the upper tier intensity is 
inputted. 

It should be understood that the illumination 
40 banks of lighting dome 12 have a predetermined 
minimum and maximum light intensity levels. A 
preferred method allows input of a percentage 
wherein zero is the setting for no light and 100 is 
the setting for maximum light intensity. Alternative- 

45 ly, zero is the setting for no light and 255 is the 
limit for maximum light intensity. In step 174, light- 
ing subsystem 156 obtains the upper or top tier 
mask which is used by the lighting subsystem 156 
to determine which of the upper tier portions of 

so dome 12 should be illuminated. In step 178 the 
value for the lower tier intensity and the lower tier 
mask are obtained by the lighting subsystem. In 
step 180. the above settings are saved in the 
memory means 130 of light controlling means 16 

55 by the issuance of a command by system control- 
ler 22 through its communication subsystem 162, 
in particular one of the RS232 serial ports, to light 
controlling means 16. Processor means 128 is pro- 
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grammed to recognize a set of predefined com- 
mands that can be issued from system controller 
22, one of which is the save settings command. 
The method ends in step 182. Alternatively, in step 
170, if the mode was determined to be the strobe 
mode, then an alternate path is taken beginning 
with step 184, wherein the vertical light source 
duration is obtained by lighting subsystem 156. In 
steps 186 and 188, the upper tier duration and the 
upper tier mask are respectively obtained. In steps 
190 and 192 the lower tier duration and the lower 
tier mask are respectively obtained. In step 194 the 
settings obtained in steps 184-192 are saved in a 
fashion similar to step 180 under a program num- 
ber obtained in step 166. 

It should be understood that in strobe mode 
the vertical light source, the upper tier, and the 
lower tier, can each be defined to have a particular 
duration, expressed as a percentage of a period. 
Preferably, in the strobe mode the cycle repeats 
every 16 milli-seconds. Thus, for example, if the 
vertical light source duration equals 10%, the upper 
tier duration equals 20%, and the lower tier dura- 
tion equals 30%. then the following will result. Prior 
to initiation of strobe mode, the upper and lower 
tiers as well as the vertical light source will not be 
lit. The light controlling means 16 then sets the 
strobe mode by a command issued by system 
controller 22 through its serial port. Strobe mode is 
then actuated by assertion of one of the above- 
mentioned digital lines. Once strobe mode is ini- 
tiated, the vertical light source, those upper tier 
portions selected to emit light, and those lower tier 
portions selected to emit light, will turn on. After 
10% of the 16 milli-second strobe cycle has 
elapsed, the vertical light source duration param- 
eter will have expired, and light controlling means 
16 will send a signal via connecting means 126 to 
extinguish the vertical light source. After 20% of 
the 16 milli-second strobe cycle has elapsed, light 
controlling means 16 will turn off those upper tier 
portions that were previously turned on. After 30% 
of the 16 milli-second cycle has elapsed, light 
controlling means 16 will turn off those lower tier 
portions that had been previously turned on. For 
the remaining 70% of the 16 milli-second strobe 
cycle, all the light sources will be turned off. All of 
these light sources will emit light at full intensity. 
Once a new cycle has started, the above sequence 
of turning on and turning off of the various light 
sources will be repeated until either the strobe 
mode actuation signal via the digital line is re- 
moved, or strobe mode is changed to continuous 
mode via system controller 22 through the serial 
port. 

As shown in Figure 11. an input window utilized 
by the lighting subsystem 156 for the input of the 
above-mentioned program or configuration settings 


is depicted. The program settings obtained by the 
lighting subsystem 156 for use in programming 
light controlling means, 16 may be obtained from 
two sources. The first source is from a higher level 
5 software application. For example, in a wire bond 
inspection application, a higher level application 
software can predefine the various lighting program 
configurations' to meet its particular requirements. 
Alternatively, any lighting configuration may be de- 
70 fined and executed in real time through the use of 
the input lighting configuration window 196. A user 
can selectively cause window 196 to appear on 
monitor 25 through use of a mouse (not shown) or 
a keyboard (not shown), or any other appropriately 
75 conditioned input device attached from system 
controller 22. As shown in Figure 11, window 196 
has a field 198 wherein the program number may 
be entered by a user, through either entry from a 
keyboard or by clicking the button on a mouse. 
20 The window 196 also includes fields 200 and 202, 
for selection of either the continuous or a strobe 
mode, for example by positioning the cursor over 
one of the fields and clicking the mouse. The 
window 196 also includes a field 204 for setting the 
25 vertical light source intensity when in continuous 
mode, or for setting the vertical light source dura- 
tion as a percentage when strobe mode is se- 
lected. The window 196 further includes fields 206 
and 208 for respectively setting the top tier and 
30 bottom tier intensity level when in continuous mode 
or setting the duration percentage when in strobe 
mode. The window 196 also includes fields 210 
and 212 for selecting the tier portions that a user 
desires to be illuminated. Clicking the center box 
35 within field 210 or 212 will select all eight boxes 
around the perimeter, thus selecting all of the up- 
per or top tier portions or all of the lower or bottom 
tier portions respectively. The window 196 further 
includes a field 214, which, when selected, will 
40 save the above-defined program settings in the 
program number defined in field 198 in memory 
means 130 of light controlling means 16. Field 216, 
when selected by user, will send a predefined 
sequence of commands from system controller 22 
45 to light controlling means 16, wherein light control- 
ling means 16 will execute the commands, thus 
performing the diagnostic. 

Light controlling means 16 has the capacity, 
through interface means 134, for accepting corn- 
so mand signals from system controller 22 that are 
processed by processor means 128 to recall and 
implement any of the above-mentioned predeter- 
mined individual lighting configurations. Moreover, 
processor means 128 has the capability of accept- 
55 ing, in real time, commands from system controller 
22 through connecting means 140 to activate any 
of the illumination banks of lighting dome 12. or of 
the second plurality of LEDs mounted on printed 
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circuit board 122 of vertical light source 14. The 
interface means 134, as mentioned previously, 
preferably provides at least one digital port to sys- 
tem controller 22 through connecting means 140. 
This digital port is of a conventional interrupt line 
type that allows a user working from system con- 
troller 22 to initiate strobe mode by asserting the 

interrupt line. 

Referring now to Figure 7. an irregularly 
shaped second object 218 is shown under the 
illumination provided by lighting dome 12 where it 
can be seen that oblique rays 118 illuminate first 
surface 220, perpendicular rays 120 illuminate sec- 
ond surface 222, and parallel rays 124 illuminate 
third surface 224. As should be understood from 
the figure, use of planar illumination banks such as 
those emitting oblique rays 118, will cause a shad- 
ow to be cast by second object 154 such that 
acquisition means 20 captures the image of the 
shadow through its line of sight, thus enhancing an 
inspection system's ability to detect a feature, such 
as a flaw or imperfection. 

The overall method of inspecting a part in 
accordance with the present invention will now be 
described. Referring now to Figure 12, the method 
begins in a start state 226. In step 228, the mem- 
ory means 130 of light controlling means 16 is 
programmed to define particular lighting configura- 
tions in accordance with the flow diagram of Figure 
10. For many typical applications, such as a wire 
bond inspection, the settings for the particular de- 
sired lighting configurations are predefined by a 
high level software application program running un- 
der main control 154 of system controller 22. Once 
these configurations are downloaded through the 
serial port of system controller 22, the lighting 
configurations for the particular application are de- 
fined and ready to be recalled and executed by 
light controlling means 16 by a single-byte com- 
mand issued by system controller 22. It is advanta- 
geous that these predefined lighting configurations 
be recalled and implemented with a very short 
command because in many applications, for 
throughput efficiencies, the program and the ac- 
companying image acquisition and image process- 
ing must all occur within a very short period of 
time, and the use of a single byte command facili- 
tates quick activation. 

In step 230, positioning subsystem 158 deliv- 
ers the object to be inspected to a known predeter- 
mined position within illumination system 10. For 
example, consecutive parts are a predefined dis- 
tance apart from each other, and thus the position- 
ing means moves the previously-inspected part 
down the line and delivers the object to be tested 
into the predefined inspection position. In step 232 
a test is performed to determine whether all the 
features of the object have been inspected. For a 


particular application, there may be a plurality of 
features to be inspected on a particular part. For 
each of these features, there is a predetermined 
optimal image acquisition position and a corre- 
s spending lighting configuration. Therefore, a loop is 
performed until all the desired features for that 
particular object have been inspected. In step 236, 
the corresponding position for the feature to be 
inspected is sent by main control 154 via the 
to positioning subsystem 158 and communication 
subsystem 162 to servo 23. Execution of the in- 
spection process is temporarily halted while posi- 
tioning subsystem 158 waits for an acknowledge- 
ment from servo 23 that the commanded position 
75 has been reached. Upon receiving acknowledge- 
ment from servo system 23, control continues to 
step 240 where lighting subsystem 156, through 
communication subsystem 162, sends a command 
to light controlling means 16 for actuating the 
20 above-mentioned corresponding lighting configura- 
tion. In step 242, while dome 12 emits light in 
accordance with the predetermined lighting con- 
figuration, the image acquisition means 20 captures 
light rays reflected from the object being inspected 
25 and generates a signal that is representative of that 
captured image. In step 244, inspection subsystem 
160 processes the signal that is representative of 
the captured image, according to predetermined 
algorithms for the application at hand. In step 246, 
30 inspection subsystem 160 makes some decision 
based upon the result of the processing performed 
in step 244. For example, a message may be sent 
to monitor 25 indicating to the operator that the 
object or part under test has failed and should be 
35 tagged as bad, or system controller 22 may be 
programmed to automatically uplink with a host 
computer for delivering the decision and the ac- 
companying details so that the host computer (not 
shown) may make a note of this failed test in a 
40 database for further action. 

It is to be understood that the above descrip- 
tion is merely exemplary rather than limiting in 
nature, the invention being limited only by the 
appended claims. Various modifications and 
45 changes may be made thereto by one of ordinary 
skill in the art which will embody the principals of 
the invention and fall within the spirit and scope 
thereof. 

so Claims 

1. An apparatus for illuminating an object com- 
prising: 

a lighting dome having a longitudinal axis, 
55 said dome including a plurality of illumination 

banks, each one of said banks having at least 
a first plurality of light emitting means mounted 
thereon, said first plurality of light emitting 
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means being arranged on said illumination 
bank to emit substantially parallel light rays 
toward the object; and 

light controlling means coupled with said 
illumination banks for causing said first plural- 
ity of light emitting means on illumination 
banks to emit light rays for illuminating the 
surface of the object. 

2. The apparatus of claim 1 , wherein said dome 
includes a top portion substantially perpendicu- 
lar to said axis and a plurality of longitudinally 
extending sections circumferentially spaced 
about said top portion and connected thereto 
by one of a plurality of first hinges, each one 
of said plurality of sections having upper and 
lower tier portion separated by one of a plural- 
ity of second hinges wherein each one of said 
upper and lower tier portions includes one of 
said plurality of illumination banks. 

3. The apparatus of claim 2, wherein said dome 
is of unitary printed circuit board construction 
and each first plurality of light emitting means 
includes a first plurality of light emitting diodes, 
and wherein each one of said plurality of illu- 
mination banks has surface mounted thereto 
one of said respective first plurality of light 
emitting diodes. 

4. The apparatus of claim 3, wherein said dome 
includes eight sections and wherein said lower 
tier portion is substantially parallel to said axis 
and said upper tier portion forms an acute 
angle with respect to said axis such that the 
object is obliquely illuminated by light rays. 

5. The apparatus of claim 2 further comprising a 
vertical light source having a second plurality 
of light emitting means mounted thereon, said 
second plurality of light emitting means being 
disposed on said light source to emit substan- 
tially parallel light rays, said apparatus further 
comprising a beam splitter optically intermedi- 
ate said dome and said light source for direct- 
ing light rays from said vertical light source to 
the surface of the object in a path substantially 
parallel to said axis, said vertical light source 
being coupled with said light controlling means 
for selectively causing said second plurality of 
light emitting means to emit light rays for illu- 
minating the object. 

6. The apparatus of claim 5, wherein said light 
controlling means is of the type including a 
continuous mode wherein the intensity of light 
rays emitted from said illumination banks and 
said vertical light source is variable from a 


predetermined minimum to a predetermined 
maximum intensity level by said light control- 
ling means. 

5 7. The apparatus of claim 6, wherein said light 
controlling means causes light rays to be emit- 
ted from said illumination banks and said verti- 
cal light source by applying a respective ac- 
tuation signal thereto, the intensity of the re- 

jo spective emitted light rays being variable by 

pulse width modulation of said respective ac- 
tuation signal by said light controlling means. 

8. The apparatus of claim 6, wherein said light 
75 controlling means is of the type including a 

strobe mode wherein the intensity of light rays 
emitted from said illumination banks and from 
said vertical light source is equal to said pre- 
determined maximum intensity, said vertical 
20 light source emitting light rays for a first pre- 

determined interval, selected ones of said illu- 
mination banks on said upper tier portions 
emitting light rays for a second predetermined 
interval, and selected ones of said illumination 
25 banks on said lower tier portions emitting light 

rays for a third predetermined interval. 


9. An illumination system for generating an image 
of an object comprising: 

30 a lighting dome having a first longitudinal 

axis, said dome including a plurality of illu- 
mination banks, each one of said banks having 
a first plurality of light emitting means mounted 
thereon, said first plurality of light emitting 

35 means being arranged on said illumination 

bank to emit substantially parallel light rays at 
predetermined angles to said first axis to illu- 
minate the surface of the object; 

axial light means in optical communication 

40 with said dome for emitting light rays substan- 

tially parallel to said first axis for illuminating 
the object; 

light controlling means coupled with said 
illumination banks and said axial light means 
45 for causing said first pluralities of light emitting 

means and said axial light means to emit light 
rays; and 

image acquisition means in optical com- 
munication with the surface of the object for 
so capturing light rays reflected from the object in 

response to the object being illuminated to 
produce an image of the object. 


55 


10. The illumination system of claim 9, wherein 
said dome includes a top portion substantially 
perpendicular to said first axis and a plurality 
of longitudinally extending sections circumfer- 
entially spaced about said top portion and con- 
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nected thereto by one of a plurality of first 
hinges, each one of said plurality of sections 
having an upper and lower tier portion sepa- 
rated by one of a plurality of second hinges 
wherein each one of said upper and lower tier 
portions comprises one of said plurality of illu- 
mination banks. 

11. The illumination system of claim 10, wherein 
said dome is of unitary printed circuit board 
construction and each first plurality of light 
emitting means includes a first plurality of light 
emitting diodes, and wherein each one of said 
plurality of illumination banks has surface 
mounted thereto one of said first plurality of 
light emitting diodes. 

12. The illumination system of claim 11. wherein 
said dome includes eight sections and wherein 
each one of said lower tier portions is substan- 
tially parallel to said first axis and each one of 
said upper tier portions forms an acute angle 
relative to said first longitudinal axis. 

13. The illumination system of claim 12, wherein 
said acquisition means comprises a camera 
having a second longitudinal axis for capturing 
an image, and a lens, said lens being optically 
intermediate said camera and said dome to 
acquire light rays reflected from the object for 
use by said camera. 

14. The illumination system of claim 13, wherein 
said second longitudinal axis is parallel to and 
offset from said first longitudinal axis, and 
wherein said acquisition means further com- 
prises a first mirror positioned along said sec- 
ond longitudinal axis for reflecting light rays to 
said camera, and said beam splitter intermedi- 
ate said dome and said lens for directing light 
rays reflected from the illuminated object to 
said first mirror. 

15. The illumination system of claim 14, wherein 
said camera comprises a charge coupled de- 
vice camera. 

16. The illumination system of claim 9, wherein 
said acquisition means is fixedly mounted to 
said lighting dome for maintaining alignment 
when said system is moved relative to the 
object. 

17. The illumination system of claim 9, wherein 
said controlling means is of the type including 
a continuous mode wherein the intensity of 
light rays emitted from said illumination banks 
and said axial light means is variable from a 


predetermined minimum to a predetermined 
maximum intensity level by said light control- 
ling means. . 

5 18. The illumination system of claim 17. wherein 
said controlling means causes light rays to be 
emitted from, said illumination banks and said 
axial light means by applying a respective ac- 
tuation signal thereto, the intensity of the re- 
io spective emitted light rays being variable by 

pulse width modulation of said respective ac- 
tuation signal by said light controlling means. 


19. The illumination system of claim 17, wherein 
J5 said controlling means includes a processor 

means coupled with said lighting dome and 
said axial light means, a memory means coup- 
led with said processor means for storing a 
plurality of programmed user selectable con- 
20 figurations and interface means coupled with 

said processor means and responsive to a 
user for allowing the user to select one of said 
configurations for controlling said illumination 
system in accordance with the selected con- 
25 figuration. 

20. The illumination system of claim 17, wherein 
said controlling means is of the type including 
a strobe mode wherein the intensity of light 

3 o rays emitted from said illumination banks and 

from said axial light means, is equal to said 
predetermined maximum intensity, and axial 
light means emitting light rays for a first pre- 
determined interval, selected ones of said illu- 

35 minating banks on said upper tier portions 

emitting light rays for a second predetermined 
interval, and selected ones of said illumination 
banks on said lower tier portions emitting light 
rays for a third predetermined interval. 

21. The illumination system of claim 9, wherein 
said axial light means includes a second plu- 
rality of light emitting diodes arranged to emit 
substantially parallel light rays and wherein 
45 said first and second pluralities of light emitting 

diodes have a nominal wavelength and said 
acquisition means has a predetermined ac- 
quisition bandwidth, said nominal wavelength 
falling within said predetermined acquisition 
so bandwidth. 

22. A method of operating an illumination system 
for generating an image of an object compris- 
ing the steps of: 
55 (A) selectively illuminating from a plurality of 

angles from a plurality of illumination banks, 
the illumination banks emitting substantially 
parallel light rays, the surface of the object; 
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(B) acquiring light rays reflected from the 
surface of the object in response to the 
object being illuminated in step (A); and 

(C) generating an image of the object from 
said acquired light rays. 

23. The method of claim 22, wherein step (A) 
further includes the step of illuminating the 
surface of the object by causing said plurality 
illumination banks to emit light rays of variable 
intensity. 

24. An illumination system for inspecting an object, 
comprising: 

programmable illumination means having a 
plurality of illumination banks for emitting sub- 
stantially parallel light rays, said illuminating 
means including a plurality of configurations 
wherein each configuration is associated with 
certain ones of said illuminations banks being 
enabled to emit light for illuminating the object; 

controlling means coupled with said illu- 
minating means for causing said illuminating 
means to emit light in accordance with 
preselected ones of said configurations; 

image acquisition means in optical com- 
munication with the object and responsive to 
said controlling means for capturing an image 
of the object in response to the object being 
illuminated and generating a signal representa- 
tive of said captured image; and 

inspection means responsive to said signal 
for detecting a feature of the object. 


25. 


70 


75 


The illumination system of claim 24, further 
comprising positioning means coupled with 
said controlling means for effecting relative 
movement between the object and said image 
acquisition means. 


26. A method of inspecting an object to detect a 
preselected feature of the object using a prog- 
rammable illumination system, the system in- 
cluding a light controlling means, an illuminat- 
ing means responsive to the controlling means 
for illuminating the object with banks emitting 
substantially parallel light rays, the controlling 
means being of the type including a plurality of 
lighting configurations, an image acquisition 
means in optical communication with the illu- 
minated object for capturing a reflected image, 
and a positioning means coupled with the con- 
trolling means for imparting movement to the 
object relative to the acquisition means, com- 
prising the steps of: 

(A) determining a plurality of lighting con- 
figurations; 


20 


27. 


25 


30 


35 


40 


45 


50 


55 



20 


(B) programming the light controlling means 
with said plurality of predetermined lighting 
configurations; 

(C) imparting a relative movement between 
the object and the acquisition means so that 
a predetermined area of the object is in the 
field of view of the acquisition means; 

(D) selectively illuminating the object by 
causing the illuminating means to emit light 
in accordance with a preselected one of 
said plurality of lighting configurations; 

(E) capturing with the image acquisition 
means an image of said predetermined area 
of the object to generate a signal repre- 
sentative of said captured image; and 

(F) processing, with an inspection means, 
the generated signal to detect the preselec- 
ted feature of the object. 

The method of claim 26, wherein step (D) is 
performed by the substeps of: 

coordinating said relative movement step 
and said illuminating step to determine a rela- 
tive position and to select one of said lighting 
configurations; and 

illuminating the object in accordance with 
said selected lighting configuration when the 
object is in said relative position to optimally 
illuminate the object for detection of the 
preselected feature. 
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© An illumination system having a lighting dome, a 
vertical light source, an image acquisition means, 
and a light controlling means, a system controller 
and a three-axis servo system wherein the dome is 
of unitary printed circuit board construction popu- 
lated with a plurality of surface mounted light emit- 
ting diodes is disclosed. The dome has a first lon- 
gitudinal axis and is bendable along hinges formed 
through the circuit board to define a partially en- 
closed dome having eight octants or sections, each 
section having an upper and lower tier portion defin- 
ing a plurality of planar illumination banks, which 
illuminate an object from 360* around the object 
and from predetermined angles relative to the first 
longitudinal axis. The vertical light source, which is a 
planar printed circuit board populated with surface 
mounted LEDs, and the beam splitter are provided 
for illumination of the object with light parallel to the 
first longitudinal axis. The planar geometry of the 


illumination banks and the vertical lighting source 
cause the LEDs to emit light rays that are substan- 
tially parallel. The light controlling means controls 
the intensity of each section and tier portion through 
pulse width modulation of the respective plurality of 
light emitting diodes. The acquisition means is pro- 
vided for acquiring reflected light rays to generate an 
image of the illuminated object. The increased den- 
sity of the surface mounted diodes increase the light 
intensity produced over known illumination systems 
employing conventional LED mounting techniques. 
Moreover, the light controlling means can be pro- 
grammed via the system controller to light any of the 
panels at a selected intensity. The system controller 
control the servo system to move the acquisition 
means in any of three axis so that the acquisition 
means can capture an image of a preselected area 
of the object. The system controller processes the 
captured image to detect a feature of the object. 
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